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Line Sections As Capacitances 
Or Inductances In Microwave 


Range 


Appropriate technical implementation 
of inductances (L) and capacitances 
(C) is of the greatest importance in 
the microwave range. The article 
below is intended to show how start- 
ing from the elementary line theory 
equation we arrive at known condi 
tor structures, and what conditions 
should be maintained for th 


1. 
Supplement to Earlier Design 


Supplementary notes to Design and 
realisation of microwave circuits Part 6 
(VHF Communications, issue 4/1998, 
pages 194 - 209) 


In [1], G.Kraus, DG8GB, demonstrates 
that at microwave frequencies, because 
of the low values required, inductances 
are no longer created 
discretely as coil and capacitor, but can 
created using line sections with charac- 
teristic impedances different from the 
normal impedances. He starts from the 
formulae 


and recommends that we should aim for 
short line sections, by selecting high 
values for Z; (inductance) and / or low 
values for Z; (capacitance), in order to 
avoid scatter resonances, This is not 
quite correct, as the rest of the article 
shows, as he needs to make numerous 
to the lengths, However, 
another reason for the correc- 
shown by a detailed analysis of 


his example on pp. 195/196. For the 
required 
‘ i 
lal saan 
51.372 


we obtain, with the value of 


+ = 0.03097 


specified using cquation (1), the input 
impedance, Zp (direction of source Ry 
seen) as [2] 
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we obtain 
1 1 
| A 
#4320 "7 530 


So for the specified é:)/A , we therefore 
already have a noticeable wansformation 
of the real part of 50Q (source) to 
48.2Q , and the imaginary part (capaci- 
tor) amounts to 1/53Q , instead of the 
1/51,37Q desired. In the same way, for 
the required 


|X',,| = 68.85Q 


using the value of 


by 
= =0,08088 
a 


determined by means of equation (1), 
we obtain the input impedance, ZE 
(direction of source Rg seen without C,) 
as 


Likewise, noticeable transformations of 
the real part of 50Q (source) to 62.85Q 
and of the imaginary part (coil) to 
62.3Q instead of 68.852 . So 
corrections are necessary. But what is 
the real reason? 


For an exact analysis see the appendix 
which demonstrates that equation (1) 
gives only rough approximations, al- 
though to a certain extent they are 
practical. As long as the condition: 


tan? Br Ji far Zo—Ly 


and 


tan? Be((1 E 
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je for Zj>Zp 


L 


are fulfilled. equation (1) is even (al- 
most) precise. A line section with Zo < 
Zp turns into a shunt capacitance, and 
one with Z; > Zp into a series induct- 
ance. And this is just ideally suited to 
creating filter structures, the component 
values of which can be comfortably 
taken from the catalogues of standard- 
ised filters. 


But the approximations now bring it 
about that, when a required inductance, 
L, or a capacitance, C, is to be created 
(e.g. from the filter catalogue), the 
lengths of the line sections, &, and / or & 
turn out to be too low as regards s 
regards capacitance (electric conduct- 
ance too low) and too low as regards 
inductance (too little resist 
decisive correction factor her: 


for the capacitance, and / or 


for the inductance. 


For calibration, the lengths é are to be 
multiplied by the reciprocal values. In 
addition, a real part transformation takes 
place through the tan?{ approximation, 
with the essential factor 


(1+ tan? (Be) 


and / or 


ak 
fer 


So for L, R > Zo, and for C, R < Zp. It 
is therefore expedient, as far as possible, 
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that the impedance level extremes (e.g. 
140 Q and 10Q ) are selected for Z, and 
Zc, for in this way B¢ remains as low as 
possible, and thus the approximation 
remains valid. 

If we now combine L and C, then we 
arrive at the filter structures, as men- 
tioned earlier. These are automatically 
all low-pass (Fig. 1). This makes the 
circumstances essentially more compli- 
cated, and we then have to make 
corrections, as acknowledged by 
G.Kraus, DG8GB [1]. 


‘This is where the strength of modern 
computer programs lies, for they can 
implement practically any number of 
corrections and iteration steps in an 
extremely short time. But it is all too 
casy to forget the basic inter-connec- 
tions (or we simply don't know what 
they are). But they are indispensable if 
we want a deeper effective understand- 
ing of things. Thus we may consider 
whether it might not be more expedient 
instead of going the long way round 
using discrete elements and filter cata- 
logues, and needing to make numerous 
corrections to dimension filters directly 
in accordance with the wave parameters 
Z and 8 This also works, and has 
already been done before [3]. For 
example, the low-pass filter for trans- 
mission high-level stages [4] described 
decades ago in VHF Communications 
and in Rothammel is a filter of this 
nature, 


It is also conceivable to implement L 
and C as stubs, Here we have an open 
stub, for the electric conductance of 
which 


tan(B¢) 


Y,=j— 


Z, 


a capacitance represents an inductance 
ina short-circuited stub, with the imped- 
ance level 


Z, = jZ, tan(B!) 


Zi, + practically > 10Q (microstrip) 


2 4Q (Coaxial) 
Zi: practically S 150Q (microstrip) 
Aas < N20 


Fig. 1: Low-pass with line sections 
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Fig. 2: 
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:z.b, 13/30 (600) 
:2.B, 1/10 (135Q) 
: 7.B, 13/16 (120) 


Low-pass with stubs 
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It is expedient here to select Z, extreme 
so that @ remains constant and the 
resonances lic far enough away. The 
advantage is that both high-pass and 
low-pass structures are possible. The 
disadvantage is that the implementation 
can take place only using coaxial tech- 
nology. Fig. 2 shows an cxample. In 
practise, this technique has certainly 
achieved no essential significance, 


2. 
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Appendix 


Line sections with Z, # Zp using 
line sections as capacitance or 
inductance of a filter 


For the lossless line (Z,. Bé) terminated 
by Zo, the following applies to the input 
impedance Z,. 
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Suppose that 7, < Zp 


Z 5 
14 jo tan Be [Ler 
/Bemam (is? 
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(3% error) it follows that 


Zz). sar? Z 
i J vn) (z:] u| (evn of 


2): 


As long as it is true that tan?Bé < < | (for Bé < 0.3 with < 7% error) with tanfé = Be 


“tan? pl 
0 


1 


Y,, corresponds to the electric conductance of a capacitor parallel to Zy = R, with 


capacitance given by 


Jo = j BE 
R | bi Se mA [H 
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If it is true that (Z,/Zp)? < < 1 (for Z, $ Zy/3 with < 10% error) it follows that 


So as long as it is true that tan?Bé < < 1 and (Z,/Zp)? < < 1 the line section 
corresponds to a parallel-wired constant capacitance independent of Zo 


Now suppose that Z, > Zo 
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As long as it is true that tan?B¢ < < 1 (for Bé < 0.3 with < 7% error) with tanBé = Be 
(3% error) it follows that 


2, = 2+ jpZ,} 1-| 2 
E a 
Zy corresponds to a coil in series with Zy = R with inductance given by 
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IF it is true that (Z,/Zp)? < < 1 (for Z;, > 3 Zp with < 10% error) it follows that 


Es Diy se 
Le — Zz Le ae 
ron fa 
So as long as it is true that tan?B¢ < < 1 and (Z;/Z)? < < 1 the line section 
corresponds to @ serie¢s-wired constant inductance independent of Zo 
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